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EFFECT OF MIXING TIME ON QUALITY OF 
CONCRETE PRODUCED IN LARGE MIXERS 


BY THE DIVISION OF MANAGEMENT, BUREAU OF PUBLIC ROADS 


Reported by WILLIAM A. BLANCHETTE, Highway Engineer 


TUDIES have been conducted by the Bureau of 
Public Roads at two concrete central-mixing plants 
to determine the effect of the length of the mixing 

time on the uniformity of distribution of the ingredients 
and on the strength of the concrete as mixed in large- 
capacity mixers. The grinding of the aggregates during 
the mixing action was also studied. 

These studies show that the mixers did not distribute 
the materials uniformly throughout the batch; the 
degree of uniformity of distribution of materials was 
not changed by changes in mixing time from 1 to 4 
minutes; and such changes in mixing time did not 
materially affect the strength. Increases in mixing 
time increased the amount of grinding of fine aggregate. 

TESTS AT PLANT 1 DESCRIBED 

The tests at plant 1 were made with a stationary no. 

S4-S mixer, 96 inches in diameter and 78 inches long and 


revolved 10.5 times per minute. The proportions of 
the aggregate by dry weight were as follows: 


Pounds 

Cement " 1, 750 

Fine aggregate 4,495 

Coarse aggregate 6, 403 

Net water- 1, 162 

Absorbed water 100 
These quantities gave a batch with an absolute 


volume of 94 cubic feet. 


The sand used as fine aggregate was analyzed as 


follows: 

Percent 

Sieve number: retained 

4 F 1. 0 

bel 18. 9 

14 32. 9 

28 D1. 4 

48 $2. 4 

100 96. 0 


The coarse aggregate consisted of two sizes of gravel 
combined to give the following analysis: 


: , Percent 
Screen opening: retained 
2% inches 0. 0 
1% inches ; 0. 0 
% inch... F 35. 3 
36 inch___ ‘ . 73.9 
Le 96. 5 


Strength specimens were cured in a moist room and 
broken at 28 days. Beams were broken by 3-point 
loading, 1 break being obtained on each beam. 

In the tests at plant 1 batches of concrete were 
samp ied after being mixed for 1, 2, 3, and 4 minutes. 
Sampies from 5 different batches were obtained for 
each inixing time with the exception of 3 minutes. 


| 100 sieve 


‘ix bitches were sampled after 3 minutes of mixing. | 


As each batch of concrete was being discharged from 
the mixer, three 200-pound samples were obtained; one 
at the beginning of the discharge, one in the middle, 


and one at the end of the discharge period. From a 200- | 


91027—34——-1 


pound sample, one slump test was made, one 30-pound 
sample was analyzed to determine the proportion of 
each ingredient contained in it, and two 6- by 12-inch 
cylinders and one 6- by 6- by 21-inch beam were made. 
This made 3 uniformity tests, 6 cylinders and 3 beams 
for each batch or a total of 15 uniformity tests, 30 
cylinders and 15 beams foreach of the 1-, 2-,and 4-minute 
mixing periods and 18 uniformity tests, 36 cylinders and 
18 beams for the 3-minute mixing penod. 

ANALYSES TO DETERMINE COMPOSITION OF SAMPLES REQUIRE 

CAREFUL PROCEDURE 

Conclusions as to the uniformity of distribution of 
materials were reached by determining the content of 
cement, water, fine aggregate and coarse aggregate in 
the 30-pound samples on a percentage basis and com- 
paring them with the corresponding percentages for the 
batch as a whole. Materials for the batch as a whole 
were accurately weighed and variations of the coarse 
and fine aggregates from the limiting no. 4 and no. 100 
sieves determined. The reasons for the latter deter- 
minations will appear in the following paragraphs. 

The percentages of materials in a 30-pound sample of 
concrete were determined as follows. The sample of 
wet concrete was first weighed in air and then in water. 
The sample was then placed in a special washing 
machine! which washed out the cement and other 
material passing the no. 100 sieve and separated the ag- 
gregate into fine and coarse material by a no. 4 sieve. 
The fine and coarse aggregate were each weighed 
in water and after applying several correction factors 
the dry weight of coarse aggregate and dry weight of 
fine aggregate and cement were determined by the fol- 
lowing formula: 


Specific gravity Ximmersed weight 


Dry weight of material-= a 
Specific gravity —1 


The factors referred to were corrections on account 
(1) the grinding of aggregate in mixing, (2) material in 
the coarse aggregate (as weighed for the whole batch) 
finer than the no. 4 and no. 100 sieve, and (3) material 
in the fine aggregate (as weighed for the whole batch) 
coarser than the no. 4 sieve and finer than the no. 100 
sieve. The correction for aggregate finer than the no. 
was necessary since the material washed 
through the no. 100 sieve after being corrected for aggre- 
gate content (including that resulting from grinding) 
was considered as the cement content of the sample. 

The difference between the weight of the immersed 
sample and combined weights of immersed aggregate, 
after proper correction gave the immersed weight of 
cement. 

The difference between the weight of the sample in air 
and the dry weights of cement, fine aggregate, and coarse 
aggregate gave the amount of water in the sample. 


3 Washing Machine Designed for Use in Determining Constituents of Fresh 
Concrete, PUBLIC Roaps, vol. 13, no. 9, November 1932. 
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METHOD OF DETERMINING CORRECTION FACTORS FOR THE 
GRINDING ACTION DESCRIBED 

It was found that grinding may or may not take 
place during the mixing of a batch. The extent of 
grinding is probably affected by some or all of the fol- 
lowing factors: Type and gradation of both fine and 
coarse aggregate, proportion of each in mix, number of 
revolutions of mixer drum, ratio of capacity of mixer 
drum to volume of batch, and the mixing action in the 
drum including the amount of drop of the aggregates. 
There is no simple method by which the amount of 
grinding that takes place during the mixing of a batch of 
concrete can be determined with precision. Even though 
the entire mixed batch could be analyzed to determine 
the amount of material finer than the no. 100 sieve, cor- 
rections must be made for the amount of each ingredient 
passing this sieve before the mixing. These corrections 
are not exact since they are based on samples that are 
only a snall part of the ingredients in the batch. 

Grinding is indicated when analyses of samples show 
consistently a greater amount of cement (material 
passing no. 100 sieve) in the samples after mixing than 
is indicated by the batch proportions, proper allowance 
being made for the aggregate passing the no. 100 sieve 
before mixing. Where grinding was indicated, tests 
were made to determine the percentage of both coarse 
and fine aggregate so reduced in size during the mixing 
action that it passed the no. 100 sieve. 

Coarse aggregate and water in the same relative 
proportions as in the batches being sampled were 
placed in the mixer. At the end of 1, 2, 3, and 4 
minutes of mixing 30-pound samples were removed 
from the mixer and washed in the washing machine. 
The percentage of aggregate passing the no. 100 sieve 
was determined. The test was repeated using fine 
aggregate and water and again using fine aggregate, 
coarse aggregate, and water. Several determinations 
were made with each combination. These tests showed 
that with coarse aggregate and water there was no 
appreciable grinding for any mixing period used. The 
same was true for the fine aggregate and water mixture. 
For the fine and coarse aggregate and water mixture 
the amount of aggregate passing the no. 100 sieve, in 
excess of that passing before mixing, was appreciable 
and increased with the length of the mixing period. 

These facts indicate that the mixer drum acts as a 
ball mill. Particles of sand are pulverized by the 
particles of coarse aggregate falling on them. There 
appeared to be no pulverizing of the fine particles of 
coarse aggregate by the larger particles and there 
appeared : to be no wearing away of either aggregate due 
to friction with the drum, blades, and buckets. 

As a further check in establishing the amount of 
grinding the following procedure was followed. The 
analysis of every sample of concrete showed the per- 
centage variation (plus or minus) of the cement, fine 
and coarse aggregate and water from the original pro- 
portions of each of these ingredients. The “complete 
analysis of all samples for all mixing periods showed a 
consistent plus variation for what was called cement, 
and a consistent minus variation for fine aggregate. 
There was no evidence that the coarse aggregate was 
ground up to pass either the no. 4 or no. 100 sieves. 
From the average of all variations in cement and all 
variations in fine aggregate for each mixing period, the 
apparent gain in cement due to grinding of fine aggre- 
gate was computed for each mixing time. Correction 
factors as computed in this manner checked closely with 
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those determined as previously outlined. The average 
of the fattors determined by both methods was then 
applied in recomputing the variations in all samples. 


VARIATIONS IN UNIFORMITY FOUND IN ALL BATCHES 


Table 1 contains the results of tests for uniformity of 
mix. This table shows the proportions of each ingre- 
dient that went into each batch sampled, the propor- 
tions of each ingredient found by analysis to be con- 
tained in each 30-pound sample of concrete removed 
from each batch, and the percentage variation in the 
proportion of each ingredient in each sample from the 
proportion of the corresponding ingredient in the batch 
asa whole. Variations above the actual batch propor- 
tion are shown as plus and variations below the actual 
batch proportion are shown as minus. The percentage 

variations’shown in table 1 are summarized in table 2 
whieh shows for all samples under each mixing time, 
the maximum individual plus and minus variations, the 
average plus and minus variations and the average of all 
variations regardless of sign. Figure 1 shows graph 
ically the percentage variations in the proportions of 
materials as shown in table 1. Figure 2 shows the per 
centage variations computed for assumed samples eac! 
composed of the three samples taken from a batch. 

Lack of umformity in the distribution of the ingre- 
dients in each batch of concrete is shown by the data 
in the tables and diagrams. Had the mixing actio: 
resulted in a homogeneous mixture in which the mate- 
rials were uniformly distributed throughout the batch 
all samples would have contained materials in the same 
proportions as were used in charging the mixer. The 
results show that homogentety did not exist In any 
batch of concrete tested. The summary in table 2 
indicates that increasing the mixing time had no con- 
siderable effect in improving the uniformity of dis- 
tribution of the ingredients. There is practically as 
great a lack of uniformity in the 4-minute concrete as 
there is in the l-minute concrete. 

Variations in the proportions of the ingredients in 
the different parts of the same batch were as high as 
18 percent in some batches. Maximum spreads in the 
proportions in different parts of a group of batches for 
a given mixing time were from 10 to 24 percent. ‘The 
spread between the average plus and average minus 
values for a given material ranged from 3 to 12 percent 
The averages of all variations for a given material and 
mixing time and disregarding signs as shown in table 2 
range from 1.6 to 5.7. 

STRENGTH NOT IMPROVED BY INCREASING MIXING TIME FROM 
1 TO 4 MINUTES 

Table 3 gives the results of che strength tests. lt 
shows the slump of the concrete in each sample, the 
compressive and flexural strength of individual spec! 
mens made from each sample, the average strengtli 0! 
all cylinders and beams made from each batch for each 
mixing time, and the percentage variation in the 
strength of every specimen from these average: : 
shows the spread from the maximum individual to th 
minimum individual strength for both compression and 
flexure. Table 4 is a summary of the strength results 
and shows the maximum and minimum individu 
strengths, the maximum spreads, and the ay eragt 
strengths of all specimens for each mixing time. Fig- 
ures 3 and 4 show graphically the compressive ané 


flexural stre1 oth, respectively, for the individual spec 
mens made from each sample for each batch. 
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TABLE 1! 





Computed proportions in 30-pound sample based on propor 


Results of tests for uniformity of mix at plant 1 
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In considering the strength results it 
remenbered that different batches of concrete were 
used for each mixing time, and that there was some 
Variation in the proportions of the ingredients in the 


should be 


all test specimens for each of the four mixing periods. 
lable 4 contains the data for this comparison. The 
average compressive strength of all specimens for the 


ar l-minute mixing time is 3,590 pounds. The corre- 
different batches as constant weights were used and on strength for the 4-minute mixing time is 
ho ¢ rection was made for moisture in the aggregates. 3,738 pounds, an increase of 148 pounds or 4 percent, 
Lack uniformity in the distribution of the ingredients | he significance of this small increase however is mini- 
in the concrete, may have produced considerable varia- mized by the fact that the spreads in strength from maxi- 
tion in the proportions of the ingredients in the strength mum to minimum for individual breaks. r ange from 
speciinens. 1,220 to 1,700 pounds for the four mixing times, and 
Sines Variations in batch proportions existed for all 


ateal 
batches and since the uniformity results show no 


by the fact that the average strength of the 2-minute 


concrete is less than that of the 1-minute concrete 


fonsicl r able differ rence in the lack of unifor nity for any and the average streneth of the 3-minute concrete is 
mxins time, study of the effect of the length of the greater than that of the 4-minute concrete. 

mixine time on the strength of concrete will be based The average flexural strength for the 1-minute con- 
OM the syread in strengths and the average strength of crete is ) 


518 pounds. The corresponding strength for 
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MIXING TIME | MINUTE 2 Y 3 MINUTES 4 MINUTES 
FiGgvURE 1.—PERCENTAGE VARIATIONS OF MATERIALS IN SAMPLES FROM BATCH PROPORTIONS AS FouND IN TESTS AT PLA? 


SAMPLES FROM Eacu BatcH ARRANGED IN THE ORDER A, B, C. 


TaBLE 2.—Summary of variations of proportions of ingredients in 


ro por greater than the strengths for the other mixing times. !t 
samples from actual batch proportions in tests at plant 1 


seems reasonable to conclude from these results that th 
——_—_—_———_ length of the mixing time between 1 and 4 minutes, had 


Mixing time in minutes no considerable effect on the strength of the concret 
Ingredient Kind of variation = — - 


1 » 3 4 FINE AGGREGATE GROUND BY ACTION IN MIXER 











— At plant 1, grinding of the aggregate took 
|Percent | Percent Percent | Percent 
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inceschil Designs of concrete mixtures are based in ult 
the gradation of fine aggregate and, if this gradatl 


is changed by grinding, the concrete produced 1 
represent the design. Increasing the length 


the 4-minute concrete is 553 pounds, an increase of 35 
pounds or 7 percent. The spread in strengths however 
is between 91 and 145 pounds for the four mixing times, 
and the average strength of the 2-minute concrete is 


ie 
f tb 


mixing time presents the possibility of producing hat 
ful effects on the gradation and on the resulting e: nere" 
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TaBLe 3.—Results of strength tests at plant 1—Continued 
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Mix- cent cen 
Batch | ‘ing Sample designation Slump) q« aes oer 
No Com- Varla- . Varla- 
time pressive! tion Flexural tion 
strength) from |Sttength) from 
aver- iver- 
ige for ige for 
batch batch 
Pounds Pounds 
per per 
Min- square quare 
utes Inches inch neh 
4, ONO 34 . 
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FIGURE 4 FLEXURAL STRENGTHS AVERAGED BY BATCHES FOR 
ALL BATCHES AT PLANT 1. 
TABLE 4 Summary of strength test results at plant 1 
COMPRESSIVE STRENGTH 
M I Minimun Max Aver 
\] ! ii ndividual pre ‘ 
/ is per’) Pounds per, P 
VJ h quare inch ‘ h 
&, San 2. USO 1 
2 4, 380) 2 680 | 4 
; 4, 44 270 Hm 
} $4. 360 O40 a 
FLEXURAL STRENGTH 
l ' 4170 
2 Hy {SU 
6H1y 74 4 
4 Ais is] 
TABLE 5 } lage of sand issing t no tH ‘ 
}/ iL 
Mixing tims mi es $8 
() t () 
] 6.0 
2 ra 
3  () 
} 10. 5 
IS 14. 0 
37 16.0 
5 Is 5 
70 23.0 


STUDIES MADE AT A SECOND PLANT 


A series of studies were made at a second plant using 
a stationary no. 126-S mixer. The drum was 10 
inches in diameter, 90 inches in length and was revolved 
11 times per minute 

The proportions by dry weight of the average batch 
were as follows: 


p 
Cement. 2 363 
Fine aggregate 6. 789 
Coarse aggregat« Q 465 
Net water___- 1. S66 
Absorbed water 62 


These quantities produced a batch with an absolute 
volume of 140 cubic feet. 

The sand used as fine aggregate was analyzed as 
follows: 





ot 


FIGURE 3. 


CoMPRESSIVE STRENGTHS AVERAGED BY 


FOR ALL BATCHES AT PLANT 1. 


BATCHES 


Sieve no. 4 7 
Sieve no. 8 19 
Sieve no. 14 35 
Sieve no. 28 57 
Sieve no. 48 o0 
Sieve no. 100 gg 
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EQUIPMENT AT 


Two different 
sizes were used, one having a maximum size of 1! 


Gravel was used as coarse aggregate. 
inches and the other a maximum size of three-fourths 


inch. These gravels were used, each in different series 
of tests. Theu gradations were as follows: 
Ma gtart Y 
Scree "i size n he : 
per eT t ercent of 
re . retained 
‘ ( 
4 re u 
N 


In general the procedure followed at plant 2 was 
different from that followed at plant 1. One set of 
batches was used for the uniformity tests and another 
set of batches was used for the strength tests. Both 
the strength and uniformity tests were divided into 
two series, one in which the maximum size of coarse 
aggregate was 1, inches, and one in which the maximum 
size of coarse aggregate was three-fourths inch. The 
mixing periods were 1, 2, 3, and 4 minutes. 


TESTS AT PLANT 2 SHOW LACK OF UNIFORMITY FOR ALL MIXING 
TIMES 


In the uniformity tests a different batch of concrete 
Was used for each mixing period. After a batch had 
been mixed for a given time it was discharged from the 
mixer and samples were taken by intercepting the flow. 
Five 30-pound samples were taken, the first at the 
beginning of the discharge, the last near the end of 
the discharge and the three intermediate samples were 
obtained at uniform intervals of time during the 
discharge. The samples were analyzed and the 
Proportions determined and compared with the pro- 
bortions of the batch before mixing in the same manner 
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PLANT No. | 
as in the tests at plant | Three batches with Inch 
coarse aggregate and three with 1'\-inch coarse aggre- 
gate for each of the four mixing periods were analyzed. 
This involved the analysis of fifteen 30-pound samples 
for each mixing period for each size of coarse aggregate. 
The results of the tests for uniformity of mix are 
shown in table 6. The data in this table correspond 
with that in table 1 for the uniformity studies at plant 
1. Table 7 summarizes the percentage variations 
contained in table 6, and corresponds with the data in 
table 2 for plant 1. Figures 5 and 6 show graphically 
the percentage variations in the proportions of cement, 
fine aggregate, aggregate and water in each 
sample removed from each batch from the proportions 
of the corresponding ingredients in the batch from 
which the samples were removed. Figure 7 shows the 
percentage Variations computed for assumed samples, 
each composed of the five samples taken from a batch. 
The tables and figures mentioned above show a con- 
sistent lack of uniformity in the samples taken at plant 
2. Variations in the proportions of the ingredients in 
different parts of the same batch were higher than 20 
percent in some batches. Maximum spreads in the pro- 
portions in different parts of a group of batches for a 
given mixing time were from 8 to 40 percent. The 
spread between the average plus and the average minus 
values for a given material ranged from 4 to 18 percent. 
The average variation in the proportion of each ingre- 
dient from the actual batch proportion was between 2.1 
and 8.8 percent, as shown in table 7. An analysis of 
these data indicates that the length of the mixing time 
had no considerable effect on the uniformity of distri- 
bution of the ingredients. 


coarse 


TESTS AT PLANT 2 SHOW NO APPRECIABLE GAIN IN STRENGTH 
WITH INCREASE IN MIXING TIME 


Samples for strength tests were obtained from a given 
batch after 1, 2,3, and 4 minutes of mixing by inserting 





Mixing time 


— 
~ 


utes 


Weight in 
pounds 


Percent 


Fine 


iggregate 





=» 

Ze = 
e-™ ~ 
= Pus 
0.39 4 


40 34 
0.43 34 
10.33 34 
0. 21 34 
0.40 34 
0.3 34.5 
10. 36 $4 
10.39 34 
10. 40 4 
0.36 34 
10.33, 34 
9.48) 31 
9.52) 31. 
9.61) 32 
9.58) 31 


9. 56} 31. ¢ 





TABLE 6. 


Computed proportions in 30-pound sample based on propor- 
tions of total batch 
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Results of tests for uniformity of mix at plant 


CONCRETE WITH %-INCH COARSE AGGREGATI 


W ater " 
Fine Coarse 


iggregate iggregate 


Cement 


Net Absorbed 


Sample designation 





ss % S | = S 
A 3.53) 11.8) 9.33 31.1 14.63) 48.8 
| B 3.3 11.1) 10.19 34.0 13.87) 46,2 
2.68 8.9 09 0.3 Cc 3.33) 11.1) 10.35 34.5, 13.63) 45.4 
] D 3.42) 11.4) 10.75 35.8! 13.03) 43.4 
| E 43} 11.4) 10.22) 34.1) 13.63) 54.4 
J 3.80) 12.7) 10.11 33.7) 13.2 44. 2 
| B 3.458 11.9) 9.69 32.3 14.00 46. 7 
2 74 9.1 09 3 Cc 3.61; 12.0) 10.04 33.5 13.48) 44.9 
| D 3.55; 11.8) 10.14] 33.8) 13.34) 44 
E 3. 68 2.3) 9.70 $2.3) 13.78 45.9 
3.77) 12.6) 10.09 $3.6, 13.44 14.5 
B 3. 24) 10.8) 10. 2¢ $4.2) 13.71) 45.7 
272 1 09 3 Cc 3.40) 11.3 10.49 35.0, 13.30 44.3 
D 3. 38) 11.3) 10.24) 34.1 8.67) 45.6 
E 3. 30 1L.0 8.98 29.9 15.17 50. 6 
lf A | 3.30] 11.3] 10.87| 36.2! 12.77) 42.6 
| B 3.13) 10.4) 10.65) 35 13.44) 44.8 
2. 90 9.7 09 x Cc 3. 32} 11.1) 10.83 6.1; 12.93) 43.1 
| D | 3.32) 11.1) 10.72 7| 13.16) 43.9 
E 3. 3¢ 11.2) 10.78) < ) 12.9. 43.1 
if A 3.49) 11.6) 9.72) 32.4) 14.04) 46.8 
| B 3.23} 10.8 9.87; 32.9) 14.13) 47.1 
2.86 9.5 09 35 C 3.30) 11.0' 9.97 3.2, 13.91) 46.4 
| D | 3.30! 11.0) 10.55 24) 44.1 
E 3.55) 11.8) 10.35 4 14, 43.8 
A 4.03, 13.4 10.62 t 12¢ 2.1 
| B 3.65) 12.2) 10.63 4 12.93) 43.1 
2. 78 9.3 09 35 C 3.66 12.2) 10.43, 34.8 13.11, 43.7 
| D | 3.55! 11.8] 10.73 8 12.84) 42.8 
E 3.52, 11.7 1. 54 S 14.31 47.7 
| A | 3.64) 12.1) 9.82} 32.8! 13.75) 45.8 
| B 3.36 11.2 10.18 3.9 3. Ot 45.2 
2 88 9.6 09 <a C 3. 51 11.7; 10.12 7; 13.4 44.9 
| D | 3.55) 11.8 10.22) 34.1) 13.23) 44.1 
E 3.48; 11.6 10.08 33.6 13.52 45.1 
A 3.52} 11.7) 9.70) 32 14.1 47.2 
| B 3.48) 11.6 9.78 2.6 13.98) 46.6 
2. 63 8.8 09 .35 C 3.51) 11.7, 9.72) 32.4! 14.00) 46.7 
| D 3.42) 11.4) 9.50 7, 14.3 17.8 
| E 3.27 10.9 9.07 0.3 15. OF 50. 2 
A 4.12) 13.7) 9.30 0 97| 46.6 
| B 3.33 11.1) 10.08 33.4 3. 90 46.4 
2.70 9.0 09 a C 3. 21 10.7) 10.12 3.7, 13.92) 46.4 
| D 3.3 11.2) 10.1 33.9 13.67) 45.5 
E 3. 24 10.8) 9.83 2.8) 14.23) 47.4) 
A 3.38 611.3) 10. 3¢ 34.5, 13.51) 45.0 
| B 3.27.) «:10.9' 10.51) 35.0) 13. 3 44. 0) 
2. 80 9.3 09 = C 3 32) 11.1) 10.3 344.5 13.51 45.0 
] D 3. 35 1.2} 10.36) 34.5) 13.44) 44.8 
it E 2. 98 9.9) 10.11} 33.8 14.26 47.5 
if A 3.89 13.0) 10.53) 35.1) 12.74 42.4 
| B 3.71, 12.4) 10.59) 35.3) 12.84 2. 8 
2.77 9.2 .09 3; C 3.77, 12.6} 10.1 33.8) 13.20, 44.0 
| D 3.65, 12.2) 10.43 34.8) 13.06) 43.5 
it E 3.67, 12.2) 9.77 32.6 13.77) 45.9 
| A 3.86, 12.9) 10.44 34.8 12.83, 42.7 
| B 3.59, 12.0) 10.02 33.4 13.53 45.1 
2. 84 9.5 09 34 C 3.42) 11.4) 10.34 34 13.26, 44.2 
| D 3.47, 11.6 9.83) 32.8) 14.04 46.8 
E 3.62; 12.1) 9.85 32.8 13.61) 45.4 


_ 


TH 14-INCH COARSE AGGREGATE 





11.2) 8. 83! 29 





| | A 3. 36 4.15.51) 51.7 
B 3.20) 11.7) 8.83) 29.4) 15.68) 52.3 
2.38} 7.9) . 08) -3i5 C 3.36} 11.2) 9.71) 32.4) 14.43) 48.1 
| D 3.11) 10.4) 9.07, 30.3) 15.49) 51.6 
| E 3.17] 10.6) 8.83) 29.4) 15.55) 51.8) 
A 4.32) 14.4) 8.51) 28.4) 14.57) 48.5 
| B 3.37| 11.2) 9.06, 30.2) 14.85) 49.5 
2.79) 9.3 . 09 3), C 3.58] 11.9) 8.76, 29.2) 14.91) 49.7 
1} D 3.57) 11.9) 9.33) 31.1) 14.32) 47.7} 
E 3.67] 12.2) 9.02) 30.1) 14.50) 48.3) 
| A 4.48} 14.9] 9.81! 32.7) 12.86) 42.9] 
B 3.19} 10.6) 9.05, 30.2) 15.17) 50.6 
2.71 9.0' .09 3, C 3.51) 11.7) 9.66) 32.2) 14.08) 46.9 
D 3.28} 10.9) 9.30) 31.0) 14.68) 49.0 
E 3.19) 10.6) 8.64) 28.8) 15.59) 52.0) 
A | 3.24) 10.8) 9.07, 30.2] 14.91] 49.7 
B | 3.11) 10.4) 8.65) 28.8) 15.63) 52.1) 
2.75, 9.2) .09) 3) C | 3.10) 10.3) 8.88) 29.6) 15.27) 50.9 
D | : 9.27} 30.9) 14.57, 48.6] 
E 3. 5: L 9.74 32.5) 13.73) 45.7 
| } A ] 8.50) 28.3) 15.60) 52 
} B 3.29) 11.0) 9.22) 30.7) 14.69) 49.0 
2.71; 9.0} .09 .314 C 3.24) 10.8) 8.92) 29.7) 15.05) 50.2 
| D 3.36) 11.2) 9.14 30.5) 14.64) 48.8 
ILE | 3.271 10.9) 9.22) 30.7\ 14.67) 48.9 








Proportions of 30-pound sample by dry weight 





| Percent 
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Percentage variations in 
sample from propor- 
tions of original mate- 
rial 
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TABLE 6. 


CONCRETE WITH 14%-INCH C 


Computed proportions in 30-pound sample based on propor 
tions of total batch 
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ABLE 7.—Summary of variations of proportions of ingredic 
samples from actual batch proportions in tests at plant 2 


: ‘sahameasenahoanes 


| 44-inch gravel | 144-inch grav 




















cbvyy Kind of variat Mixing time in minutes 
1l2};3ai4 2,3] 4 
} 
<a 
Per- | Per- | Per- | Per- | Per- | Per- | Per- | Per- 
cent | cent | cent | cent | cent | cent | cent | cent 
Maximum individual plu 12.4 20.3 }21.1 13.9 [31.7 [11.2 |37.7 | 9 
Maximum individual minu 6.4] 7.7] 5.6 112.6]9.1]8.3 10.2] 5.6 
Socal Average plus 6.0 | 7.0] 5.1] 7.6 113.4 | 6.5 13.0] 3.2 
™ Average minus 3.1) 3.5)3.214.4)48/46/5.2) 27 
Average plus and minus, dis 4915.3 4.416.618.2] 5.4/8.8 3.0 
regarding sign | | 

}{ Maximum individual plus 3.5 | 5.2 2.212.4/89)| 46 6.3 
|| Maximum individual minus |13.9 | 8.3 [12.4 | 5.7 |10.6 |11.1 | 6.8 9.4 
g |} Average plus_. 2.0 | 3.1 PLLi 17), 5.8)28)] 25 
. }} Average minus 4.4),4.7)5.1),2.716.2) 6.1 4.2 4.0 
|] Average plus and minus, dis- | 4.1 | 3.5 | 5.1 | 2.1] 5.3 | 6.0 | 3.7 3.1 

regarding sign | 
Maximum individual plus__}14.1 | 6.9 [11.4 | 7.2 | 9.9 }10. 5.5 | 9 
Maximum individual minus_| 3.1 | 5.7 } -1) 46) 9.4) 7 5.6] 6.8 
Gre oe}  |jAverage plus } 4.0) 4.2) 4.1)26/5.0)5.0)28) 26 
Average minus | 1.5 12.9] .112813.9]/65)22| 3.3 
|| Average plus and minus, dis- | 3.2 | 3.3 3.8| 2.7) 4.8 § | 2.5 3.0 

i\( regarding sign | | 
| Maximum individual plus 5.1 4 | 1.9/1.8 | 1.8/5.8) 4.5] 12.7 
|} Maximum individual minus.| 9.9 | 8.6] 6.7]}9.5/9.7| 84/62] 2.1 
Wa |] Average plus EF 311.3] 1.2 16126127] 5&8 
F “|| Average minus 46) 4.413.4),3.3]5.2)3.3/28 | 1.8 
A verage plus and minus, dis- | 3.3 | 3.8] 2.7/2.6] 4.7/2.9] 2.8 | 5.0 

| regarding sign. } | | | 





an .uxiliary chute into the drum at the end of each of 
the-e mixing periods. A sample weighed approximately 
150 pounds and was used to make two 6- by 12-inch 
cylinders and one 6- by 21-inch beam and one slump test. 
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Results of tests for uniformity of mix at plant 2——C 


ontinued 


OARSE AGGREGATE- Continued 








Proportion f 30-1 veight 
Percentage variations in 
sample from propor- 
tions of original mate- 
Fine ( irse rial 
Cement wore te aati Net water 

Ss |s : %.| 8 

» ioe ry ; ¢ “4 a co} Fy © F be 3 

= vs oe - he ~ . +> be = =} > 

j | = By z A on: ee S) be Z. 
\ 3. 4¢ 1! 1, 5S 4.14 { 7 1) +2.4 4 6 6.8 
j B 3. 7é 12 0. 20 4 2. OS 4 SS 4. 6)4-11. 2 7.9 ae i 
) ( 3 11.81 10.3 j lf 43 ms 5, +5.0) +8. 5 6.4 oa 
) , 6] 12. 0] 10. 39 ‘4 04 43 28 16) +6.8| +8.9 7.3 -2 0 
i 3. 74 12. 6) 10. 2¢ $ 12.99) 43 2.89 ». 6} +9. 2] +7.5 7.6 1.4 
{ A 4.0) l 4 41 ) 13.8 4f ; 1.7 18.3 4.5 1.4 -.3 
B | 3.31] 11.0) 9.08 14.80) 49 7 1] —2.41 —5.3] +5.5] —6.2 
C 3.7 12.4 1. 00 14.41) 48 7 », 2)4-10. € 6.1 2.8 15 
} D | 3.7¢ 1,24 8} 14.09) 47.0 $2 44/+10.9 3.6 4 2.8 
| |} | . 2.4 ® O4 > 8 14.4 48, 2 2. 80 13) +9.4 6.8) +3.1) —3.4 
{ \ 4. ». 4,1 4) 13. 39 44.¢ 2. da 1 37.7 5.9 5.6) +3.0 
iBiaga i 1. 2 0.9) 14. 7¢ 4 2.6 8. Y 6 4.1) +4.1) 41.5 
y 3.331 11.1) 9.74) 32.5] 14.11] 47.01 2.741 9.1 decd 5| +3.8 
|p | 3.42 11.4] 9.74] 32.5] 14,03] 4¢ 2.72} 9.1) +.9 4] -1.1| +3.0 
| } 3.49} 11.6] 9.10 0 4.50) 48 2.76} 9.2) +2.9 . 6| +2.3] +4.5 
| \ 3, OS 12 0 >. 8 1. Hf 42. 2 2. 82 1.4) —4.3 1 1.2 2.8 
| B 3.64) 12 11.2 4) 12. le 410.0) 2.87 9. ¢ 5.3) +4.4, —2.8) —1.0 
+ § 4 12 ] 40.4; 2 9.7 5.3 +4.6 3. 3) +.3 
D , ty 9 43 4] st 9. § 10 +-4. 6 —. 6 1.4 
I 3 ) s 83} 42.8 2.82 9.4 6.1 lj +2.6) —2.8 
A 0 3 7.04 f " 3. f 2. 37 7.9 s 94, +5.9) —2.1 
i B f l 8. 44 S } ol. 2 37 7.9 2 2.4) +2.4 21 
= 82) 12 8.77; 29.2] 14.76] 49.2 57) 8.6) +2.4. 4.2) —1.7| +6.2 
iD OO 3 Ol 9.30 4.14 47.1 7 8. ¢ 4 ¢ 6.3; —5.8) +6.2 
I 7 2.91 9.10 13 47.9 2. 58 8.6 3.8 4.0 4.3) +6.6 
1A s 12.9) 8.90 é 4 48.4) 2.64 8.8 3.8 7 2.7) +8.6 
| B 9 ll 8. 7S 4, ON 49.9 2 8.8} - f 7 + 5) +8, 2 
By 8] 11.9) 8.74 41 50 8.5) —4.0) —1.1) +.9) +4.9 
|; D 74) 12 8. 90 ‘ 18.8 f 8.8} +.3) +.7| —1.7] +8.2 
t | ”) 13. 0 3 ” 46.4 74 9.1] +4. ¢ +6. 0) —6. 8|+-12.7 
{ A 3. 78) 12. ¢ 8. 36 27; & 2. 50 8.3] +1. 1 3.4, +1.9) —1.2 
i B 83; 12.8 8.68 8. 1.8 49.4 2. 5S 8.6) +2.4 +. 3) —1.1 2.0 
( 84] 12.8) 8.68} 28.9) 14.8 48.4) 2 8. 6} +-2.7 3) —1.2] +2.4 
D ” 13 8. 99) ) { 47.8) 2.60 8.7] +5.9 3.91 —4. 21 2.8 
I 7 12.4) 8.06) 2 2.0) 2.52 8.4; —.8 —6.8) +4.2] +.4 


Strength specimens were cured in moist sand and 
were broken at 28 days. Beams were broken as can- 
tilevers, two breaks being obtained from each beam. 
Ten batches with %-inch gravel and 10 with 1%-inch 
gravel were sampled permitting 20 compression tests 
and 20 flexure tests for each mixing period for each size 
of aggregate. 
| Table 8 shows the results of the strength tests in 
detail. Table 9 is a summary of the strength results 
and shows data corresponding to that in table 4 for 
plant 1. Figure 8 shows graphically the compressive 
and flexural strengths for the individual specimens 
made from each batch for each mixing time. 

There was some variation in the proportions of the 
ingredients in the different batches of concrete. This 
was the result of the use of constant weights in batching 
with no correction for variations in moisture content of 
the aggregates. Using the data of table 9 as a basis for 
determining the effect of the length of the mixing time 
on the strength of the concrete, the following results 
are shown: 

The average compressive strength of concrete with 
“-inch aggregate, mixed for 4 minutes, is 197 pounds 
or 9 percent higher than the corresponding strength of 
the 1-minute concrete. The average compressive 
strengths increase with the mixing time. The spread 
in strengths for the four sets of specimens is between 
520 and 1,040 pounds. 

The average compressive strength of the 4-minute 
| concrete with 1'%-inch aggregate is 118 pounds or 5 
percent higher than the corresponding strength of the 
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TABLE S Result of strength le p 
CONCRETE WITH *7-INCH COARSI Gakt V1 
l-minute mixing 2-n : 
Compre ’ ‘ 
bait ioe Flexur a Fi ; Flexural 
: strencth trengt! “ we ( ‘ é 1 
Pounds per | Pounds pe Pounds ] Pour P 1 ? is per 
hes square inch | square inch Inches square inch | sq Inches 8G ¢ h ] re inch 
7% - 436 ~ 2 410 29 9 ”) 1 
455 2 320 A 2. 2H) ss 
2, 260 445 2, 3 24 20. 2 
616 2, 310 426 {! 2 490 4°? 2 ‘) 449 
2, 510 182 2, 640 if 2 145 
2, 410 154 2, fit 14 2, 4fil 442 
f 2 410 1s fiFs 100 454 
2, 320 82 2, 260 422 
2 36 461 2 i) 138 
6 2, 150 442 Li 2, 330 } ( 2, 570 424 
2, 16 449 2, 130 eu sO 495 
2, 155 446 2 230) 168 2 4 460 


1s Founp IN Tests UsInG 


4 MINUTE 


AND | 
i-minute n 
{ ompre 
Slump ive 
Strength 
Pounds per 
Inches square inch 
7 2, 380 
2, 440 
2, 410 
6 2, 400 
2. 5SA0 
2,475 
lo 1, 790 
1,910 
1, 850 
6 2, 430 
2, 640 
2, 535 
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TABLE 8.—Results of strength tests at plant 2—Continued 


CONCRETE WITH 34-INCH Cr RSE AGGREGATE— 


l-minute mixing TE i-minute mixing 


tatch No ; 
Ba N Compres 





‘ ‘ : Compres 
| ive Flexural : Flexura F le a Flexural 
Slump sive Slump ¢ ~ Slu sive 
strengt! : trer streng 
trencth rength stent I tears trength 
Pounds per | Pounds per Po é P is pe } 8 pe } pe Pounds per | Pounds per 
Inches square inch square inch Inches . ire h wre inch Inches f h Inches square inch square inch 
ily 2 210 2s | S40) f 424 } t 2, 390 417 
2, 400 445 2, 1 47¢ i 444 2, 510 469 
A verage 2, 305 iss 24 433 2, 38 150) 2, 450 144 
s 2 O50 if Sl 2 is? 4 j 7 2, 230 476 
1, 930 0 > 479 ()2 2, 350 47s 
Average 1, YYO 3S 2 1s 4 4 2, 290 477 
2 500 2 ‘ Oe 4) } s 2, 630 446 
2, 400 530 2 } » ’ 2, 690 46 
Average 2, 495 2 s 2 660 471 
s 2, 310 is ’ iis s ” { 634 2 830 395 
2, 420 165 i 4 i 2, 690 455 
Average 2, 472 14 2 760 42 
~ Us s 4 } ’ 4 > 270 4 
2 O10 , y iit ‘ S40 437 
Average "0 22 138 2, 330 441 
S's u40 + S54 » 41s » 2 0 $58 
]. 84U0 34 4 j 2 0 196 
Average ; 10S ’ { . » ) 477 
mand average 2, 210 4 t G 2. 407 $53 
CONCRETE WITH sINCH AGGREGATI 
S34 780 513 s 2 2H 1s _ 2, 480 27 
2, 130 t4s 2, 23 i 2, 230 453 
Average ) 4S 2 ¥ 2, 380 440 
‘ 2,4 14 ‘ f 2, 520 474 
is 1 2, 520 140 
erage 2, 430 4¢ j j 2, 520 460 
i, 210 440) 4 2.770 OO ie 14) $34 , O20 524 
, 140 55Y 2, bat i “ 3, 020 472 
erage 3. 17 524 > s 1SS s , 020 40S 
s 2, 230 iS5 S 2, 2H $24 if 534 2, 570 304 
2.110 462 2.410 17 14 > 520 145 
ie 2, 170 i 4) i t 11H 2, 545 420 
s 2 50 iSO) 4 » Huo { ~ 14 i , O10 $50 
2. 0 i » 7) 2.970 474 
rave 4 0 " 0 is 1S‘ 2 GO0 167 
til, 2.710 Wie m0 iSO {XS t 2 S70 4 
2 aso U 2 S00 J 2, QAO 164 
rave 2, 695 {6 2, 920 i m4 {7S 2,910 464 
2 s 2 630 {2 2 780 1 185 334 2, 870 367 
2,770 457 4 4) 10 7 2, 410 473 
ue 2, 700 470 2, Ge {78 479 2. 640 420 
filo 3, 110 30 s 2, 450 459 ( f $2 aM 2, 790 502 
3 320 15 » 620 4¢ “ 513 2, 840 497 
Li 3, 215 522 2. if 468 2, 815 500 
7 54 2, 960 $68 534 2, 440 158 f 2. 470 1 134 3, O50 396 
3, 240 Sil 2, 940 163 2,78 ! 3, 240 462 
ge 4, 100 490) 2, 690 460 45 3, 145 429 
“0 Q! 1, 730 408 ) 2,170 17 8 2, 46 14 Rly 2, 030 467 
1. S50 161 2. 090 183 j 17 2. 230 449 
\ f 1, 790 134 130 477 ff 16 2 130 458 
‘ iverage 2, 592 481 2, 54 178 t 168 2,710 455 
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FicuRE 6.—PERCENTAGE VARIATIONS OF MATERIALS IN SAMPLES FROM BATCH PROPORTIONS AS FouND IN TEstTs USING 1 
GRAVEL AT PLANT 2. SAMPLES FROM EAcuo Batcu ARRANGED IN OrDER A, B, C, D, AND E. 


l-minute concrete. With the exception of the 2-minute 
concrete the average compressive strengths increase 
with the mixing time. The spread in strengths for these 


four sets of specimens is between 860 and 1,590 pounds. | 


The average flexural strength of the 4-minute concrete 
with %-inch aggregate is 5 pounds or 24 percent lower 
than the corresponding strength of the 1-minute concrete. 
These average flexural strengths decrease as the mixing 
time increases. The spread in strengths for these four 
sets of specimens is between 111 and 164 pounds. 

The average flexural strength of the 4-minute con- 
crete with 1\-inch aggregate is 26 pounds or 5 percent 
lower than the corresponding strength of the 1-minute 
concrete. These average flexural strengths decrease as 


3 MINUTES 4 MINUTES 


4 I> 


the mixing time increases. The spread in streng' 
for these four sets of specimens is between 107 and 157 
pounds. These results indicate that the length 0! 
the mixing time had no appreciable effect on the stren: th 
of the concrete. 


LESS GRINDING OF FINE AGGREGATE IN TESTS AT PLANT 


The grinding of the coarse aggregate during the 1) 1X- 
ing action so that it passed the no. 100 sieve was ni -!l- 
gible. The amount of fine aggregate passing the 10. 
100 sieve before entering the mixer and the amoun 0! 
fine aggregate passing this sieve after the conc cte 
had been mixed for each of the four mixing periods ire 
shown below. 
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I. QUIPMENT AT PLANT No. 2. 
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TABLE 9.—Sum mary of results of strength tests at plant 2 
CONCRETE WITH %-INCH AGGREGATE | CONCRETE WITH 14-INCH AGGREGATE 
7 | ee os a, | a ; | ; an ie. 7 ae . 
Compressive strength | Flexural strength } | Compressive strength Flexural strength 
| | 
Mixing time | a as i aoe Mixing time | } ; . ae 
ites) | Maxi- | Mini- | y7,,;- ; Maxi- | Mini- | yyayj- | (minutes | Maxi Mini Maxi- | Maxi- | Mini- | yyayj- : 
mum | mum | jyum | Aver- | mum | mum | jim | Aver | mum | mum | yum | Aver- | mum | mum | ium Aver- 
| indi- | indi- |. read | age indi- | indi- | syread| 98° | indi- | indi- syrend ge | indi- indi- | spread | 28° 
| vidual | vidual | SPreé vidual | vidual | SP™® vidual | vidual | ”* ~ vidual | vidual | SPFe® 
' ] 
— | 
) 





Pounds} Pou nds| Pounds 








| 
| 
| | 
Pounds| Pounds) Pounds) Pounds, Pounds Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Pownds | Pounds 
per | per | per per per per | per | per | per | per per | per | per | per per | per 
square | square | square | square | square | square | square | square | square | square square | square | square | square | square | square 
: inch | inch ine inch ; inch inch | inch | inch | inch | inch inch | inch | inch | inch | inch inch 
= is? ek 620 | 2,210 546 382 164 |} J ee ; | 3,320] 1,730) 1,590] 2,592 | 559 | 408 151 481 
eee | 2,690) 1,940) 750] 2,265] * 538 390 148 a -------| 2,950] 2,000) 860) 2,545) 545] 424 121 478 
a 2,570 | 2,050} 520] 2,315 528 402| 126 | GN Banvccccuncusl Qe) Se 900} 2,636} 530 | 23 107 468 
5 a ie 2, 830 | 1,790 | 1,040} 2,407 496 | 385] Ml) = 453 | 4.222222] 3,240] 2,030] 1,210] 2,710] 524] 367 157 455 
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FIGURE 8. 
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CONCLUSIONS 


COMPRESSIVE AND FLEXURAL STRENGTHS AVERAGED 


PLANT 2. 


Percentage of 
aggregate passing 
no. 100 sieve 


WNN> 
0100 


~1¢ 


1. O 


The following conclusions are based on the results of 


these tests: 


1. Standard, revolving drum, batch mixers do not 
mix concrete so that the cement, aggregates, and 
water are uniformly distributed throughout all 


parts of the batch. 








BY BATCHES FOR ALI 









































































































































HH 
: { 
| 
| || 
4 t itt 
1 | i} ft 
Lh di di tt tt Uh 
! , 3 6 \ 

"3 












































MHL 
UL / 
= HHH | | 
CECE 
5 78910 11 12 '€ 

4 MINUTES 








oi a 
—— x8 eA 











—EE Es 





3ATCHES TESTED FOR STRENGTH 

















0 -— 








2. The degree of uniformity of distribution of the 
ingredients is not materially changed by changes 
in the mixing time from 1 to 4 minutes. 
3. The length of the mixing time between 1 and 4 
minutes appears to have little effect on 
strength of concrete as mixed in standard, !e- 
volving drum, batch mixers. 
4. Standard, revolving drum, batch mixers act a- 4 
ball mill in reducing the size of particles of 1 he 


fine aggregate. 


5. The amount of grinding of fine aggregate so that 
it passes the no. 100 sieve increases with 
length of the mixing time. 


the 











FURTHER TESTS OF 


COTTON MATS FOR 


CURING CONCRETE 


BY THE DIVISION OF TESTS, 

In the report on the studies of the use of cotton mats 
for curing concrete pavements, which was published in 
the July 1933 issue of PuBLic Roaps, it was suggested 
that mats of the type described might be effective as a 
protection against freezing during sudden drops of ai 
temperature such as occur overnight at certain seasons 
of the vear. 

During the past winter several sets of observations 
were made at the Arlington Experin ent Farm which 
throw some light upon the effectiveness of cotton mats 
of various thicknesses when used for this purpose 

A number of small 6-inch concrete slabs were cust 
with their upper surfaces level with the surface of the 
ground. In the center of the upper surface of each 
slab a copper constantan thermocouple was embedded 
at a depth of one-fourth inch. One of these slabs was 
left uncovered while others were covered with cotton 
filled mats of the following weights: 


Designation 


\ 10 
B 30 
€; 60 
DD QQ 
| 110 
| 170 


COTTON MATS GIVE EFFECTIVE PROTECTION DURING SHORT 
FREEZING PERIODS 


The mats were made of cotton fiber held in place 
between sheets of loosely woven covering cloth by 
stitching or tying. The mats designated as D, E, and 
I were the 3-, 6-, and 9-ply mats referred to in the 
previous report. 

The slabs were 3 feet square and the covering mats 
were made 5 feet square in order that they might extend 
beyond the slab edges and thus avoid the possibility of a 
circulation of air between the mats and the concrete 
s abs, 

In addition to the slabs covered with the cotton-filled 
iiats, and the bare slab for comparative purposes, one 
slab was covered with a double thickness of dry burlap, 
one with 2 inches of dry earth, and one with 4 inches of 
dry loose straw. Apparatus was placed to determine 
the temperature of the subgrade 12 inches below the 
bottom of the bare slab. 

The data obtained during three periods of observa- 
tion at times when relatively large drops in temperature 
occurred are shown in figures 1 to 4, inclusive. The 
air temperature fell below 32° F. on only one of these 
occassions. Figures 1 to 3 show the temperature cycles 
o! the air, the subgrade, the bare slab, the straw-covered 
sinb, and the slabs covered with the lightest and heaviest 
Weights of cotton-filled mats. Because of the close 
grouping of the temperatures of all of the slabs covered 
With the cotton-filled mats the data for the inter- 
mediate weights of mats have been omitted. It will 
be noted that the difference in temperature beneath 
the heaviest and the lightest mats at no time exceeded 


2° F. 
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FIGURE 1 VARIATIONS IN AIR 
ING TS&MPERATURES ‘1 
COVERINGS 


TEMPERATURE AND CORRESPOND- 
WITH DIFFERENT PROTECTIVE 


OF} MPLA 


BS 


The observations made on December 8 and 9, 1933, 
were terminated by rain which began at about 5 a. m., 
but on the other two occasions the observations covered 
a full 24-hour period 

Figure 4 shows a comparison between the tempera- 
ture cycles of the slabs covered with the lightest weight 
of cotton-filled mat, 2 inches of dry earth and dry 
double burlap during the same period as was shown In 
figure 2, the data being separated for clarity of 
presentation 

A concrete pavement can acquire or lose heat in 
either of two directions. The lower surface in 
intimate contact with the earth of the subgrade while 
the upper surface is ordinarily in direct contact with 
the air. The temperature of the subgrade undergoes 
annual and diurnal cycles of change similar to those of 
the air but of lesser magnitude. In the daily changes 
there is a considerable lag resulting from the low ther- 
mal conductivity of the pavement. The lag is evident 
in all of the data, the temperature of the subgrade 
rising to a maximum at about the time that the air 
temperature has fallen to its minimum value. 

If a protective cover for a pavement slab is to be 
effective in preventing freezing of the concrete during a 
sudden drop in air temperature, two conditions must 
obtain: First, the subgrade must have a temperature 
sufficiently above the freezing point of the concrete to 
provide a flow of heat from the subgrade to the slab; 
and second, the protective cover on the pavement must 
provide sufficient insulation to insure that the heat 
will not be dissipated from the slab surface more 


is 


rapidly than it is received from the subgrade. It is 
apparent that the absolute amount of insulation 
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FIGURE 2.—VARIATIONS IN AIR TEMPERATURE AND CORRESPOND- 
ING TEMPERATURES OF SLABS WITH DIFFERENT PROTECTIVE 
CovERINGS. 
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FiGuRE 3.—VARIATIONS IN AIR TEMPERATURE AND CoRRESPOND- 


ING TEMPERATURES OF SLABS WITH DIFFERENT PROTECTIVE 
CovERINGs. 
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DIFFERENT PROTECTIVE 


required to accomplish this is not a constant but will 


depend upon the temperature differential 
between the two sides of the protective cover. 

In pavement construction it is not the usual practice 
to place concrete on frozen ground, during freezing 


existing 


weather, or even when freezing temperatures are 
anticipated. It is to guard against damage due to an 


overnight drop in air temperature, from a level of 
possibly 40° or 50° F. to one of 20° or 25° F. that 
protective covers are most often needed. Ordinarily 
the temperature of the subgrade is considerably above 
freezing, the difference between the air and pavement 
temperatures is not large (from an insulation require- 
ment standpoint at least) and the duration of the sub- 
freezing air temperature is not protracted. For these 
reasons the requirements for insulation efficiency are 
not severe. These facts are rather obvious but it is 
well to bear them in mind when examining the data 
shown in the accompanying figures. 

Probably the most striking indication of these data 
is that for overnight drops in temperature where a rise 
on the following day is to be expected, there is but littl 
difference between the protection afforded by the 
lightest and heaviest of the cotton-tilled mats. Both 
are apparently effective in holding the slab temperature 
near the temperature of the subgrade during the period 
of minimum air temperature. It is also indicated, as 
would be expected, that in case of a protracted perio: 
of subfreezing air temperatures neither mat woul: 
provide sufficient insulation to hold the temperature © 
the slab and of the subgrade above the freezing point 

It is interesting to note the similarity of the temper- 
atures of the slabs covered with the cotton-filled mats 
| with those of the slab covered with 4 inches of dr) 

loose, straw. Although the differences are small it wi! 
| be noted that the straw cover is consistently more 

effective than the lightest weight mat and less effective 
' than the heaviest mat. 
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FiguRE 5.—CoOMPARATIVE FLEXURAL STRENGTHS OF MORTAR 


SPECIMENS CURED UNDER BURLAP AND CoTTron Marts. 


Figure 4 shows data obtained on January 15 and 16, 
1934, in addition to those shown in figure 2. These 
permit a comparison of the lightest weight cotton-filled 
mat, a covering of dry double burlap, and a 2-inch layer 
of earth which was practically dry. All of these cov- 
erings give some degree of protection, the lightest weight 
mat being the best of the three. It is apparent from 
figures 2 and 4 that 4 inches of dry loose straw is a 
better insulator than 2 inches of earth. The two sheets 
of dry burlap offer more protection than the earth and 
less than the cotton-filled mats. The burlap used was 
a good grade, rather heavy-weight material and was 
practically new. Being dry, there was a relatively 
large amount of entrapped air among the fibers. Had 
this air been replaced by moisture it is probable that 
the effectiveness of the burlap cover would have been 
greatly reduced. No data covering this point were 
obtained. 

These few tests do not provide a basis for definite 
conclusions but it is indicated that, for an overnight 
lrop of air temperature to below 32° F., a considerable 
mount of protection against damage from freezing can 
be afforded a concrete paving slab by covering with a 
‘otton-filled mat of relatively ight weight. 


SPECIMENS TESTED FOR STRENGTH AND MOISTURE LOSS 


In addition to the insulation tests, two series of tests 
vere run to determine the flexural strength at 28 days 
‘f mortar specimens cured for 3 days under cotton mats 
‘{ various thicknesses as compared to the strength of 
-imilar specimens cured for 3 days under a double 
‘tuckness of burlap kept continuously wet. Measure- 

ents of the gain or loss in moisture of the specimens 
it the end of 3 days curing as compared to the original 
water content were also made. In one series the cot- 
ton mats were applied dry, while in the other they were 
thoroughly wet on one side and then applied with the 
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FiGtRE 6.—CoMPARATIVE MotIsturRE CONTENTS OF MorTAR 


SPECIMENS AFTER 3 Days CuRING 
Mats. 


UNDER BURLAP AND CoTTon 
wet side in contact with the specimen. Wetting was 
done by means of a spray applied to one side of the 
mat continuously for 10 minutes. The test procedure 
was identical with that employed in the tests reported 
last year and was briefly as follows: 

The specimens were of 1:2 mortar, by weight, con- 
taining 14 percent water. They were cast in water- 
tight molds, 11 inches in length, 61; inches in width, 
and 2 inches in thickness. The burlap and cotton mats 
were applied about 2% hours after molding. At the 
end of 3 days the mats were removed and the specimens 
allowed to cure in the air of the laboratory until the age 
of 26 days, after which they were immersed in water for 
2 days and then tested for flexural strength. 

For each series, three rounds of tests were run so that 
each result as shown in figures 5 and 6 is the average 
of three determinations, except in the case of the burlap 
cured specimens where the values shown represent the 
average of 6 specimens, 3 for each series. 


DISCUSSION 


The chief purpose of these tests was to compare the 
curing efficiency of the thinner mats with the compara- 
tively heavy mats (3-ply and over) originally proposed 
for this purpose. Referring to figure 5 which shows the 
results of the strength tests, it will be observed that in 
all cases specimens cured with dry mats showed appre- 
ciably lower strengths at 28 days than those cured 
under the wet burlap. The average strength for all 
specimens cured under dry mats is roughly 88 percent 
of the strength of specimens cured by the standard 
method, which checks approximately the results previ- 
ously obtained. r. 

The reason for the lower strengths is, of course, the 
moisture loss suffered by the specimens during the 3-day 
curing period. These moisture losses, shown graphic- 





ally in figure 6, average approximately 7 percent of the 
original water content. On the other hand, the speci- 
mens cured for 3 days under wet burlap showed an in- 
crease in moisture content of about 5 percent, indicating 
that water was taken up by the specimens during this 
period. It may be noted also that the very thin mat- 
designated A, seemed somewhat less effective in retain, 
ing water than the others. 

In the case of the mats which were thoroughly wet 
before application, the specimens developed an average 
strength at 28 days approximately equal to that of speci- 
mens cured by the standard method. The thinnest mats 
(A and B) resulted in slightly lower strengths, while in 
the case of the thickest mats (E and F) the strengths 
were slightly above the standard. The differences in 
strength, however, were not great and the apparent 
trend may be accidental. 

The only specimens to show any moisture loss under 
the wet-mat curing were those covered by the thinnest 
mat designated A. In all other cases the specimens 
showed a gain in moisture content, averaging about 2 
percent, or about 3 percent less than the standard bur- 
lap-cured specimens. Therefore, from the standpoint 
of the effect of moisture retention on strength, there is 
no reason to expect a higher strength for any of the 
specimens cured with wet mats than was shown by the 
burlap-cured specimens. 

The differences in strength shown by the specimens 
cured with wet mats, with the possible exception of the 
strength of those cured with mat A, are not thought to 
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be significant. In this case of mat A a very small water 
loss was recorded. It is probable that if the two thin- 
nest mats, A and B, had been kept continuously wet 
during the 3-day curing period, strengths at least as 
high as the standard would have been obtained. 

In any event, the differences are not great enough to 
affect the conclusion that, within the limits of these 
tests, substantially the same results are obtained with 
the various thicknesses of cotton mats as with the wet 
burlap, provided the mats are wet when applied 
However, it should be remembered that these tests 
were conducted in the laboratory and not under field 
conditions. Had the mats been subjected to the direct 
ravs of the sun it is quite possible that the thinnest 
mats would have permitted a higher moisture loss than 
was noted in the laboratory. Under these conditions 
the strengths would probably have been lower than 
was shown by the tests 

In view of this possibility, it is recommended that 
such mats be used only under the conditions specified 
for burlap; that is, kept continuously wet during the 
3-day curing period. 

With these limitations in mind, these tests substan- 
tiate the previously published conclusion to the effect 
that cotton mats of the thicknesses and weights shown, 
if wet once and applied with the wet side down, are as 
effective in curing as a double thickness of burlap kept 
wet continuously for 3 days and also that mats applied 
dry are less effective than either the wet mats or the 
burlap 
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